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IN THE CLAIMS : 

Claim 1 (Currently Amended): A manufacturing method for a single crystal of calcium 
fluoride, having its optical properties improved through an annealing process comprising the 
steps of: 

providing a single crystal of calcium fluoride in a sealable container, sealing said 
scalable container, then 

heating said sealable container with a heater arranged external to said container such that 
a temperature inside said sealable container is raised to a first temperature, which is lower than a 
melting point of said single crystal of calcium fluoride, 

maintaining the temperature inside said sealable container at said first temperature for a 
designated period of time, and 

lowering the temperature inside said sealable container to room a second temperature at 
a first rate, and lowering the temperature inside said sealable container from the second 
temperature at a second rate , wherein th e st e p of low e ring th e t e mp e ratur e compris e s: 

decr e asing th e t e mperatur e insid e said contain e r to a s e cond t e mperatur e , which is 

in th e range of around 600 °C to 900 °C at a rat e of 2 °C/hour or l e ss, and th e n 

d e cr e asing th e t e mp e ratur e insid e said contain e r from said s e cond t e mp e ratur e to 

room t e mp e ratur e ^ 

wh e rein said first rate is 2°C/hour or less, said second rate is 3°C/hour or less, the 
first rate is lower than the second rate, the first temperature is between 1020 °C to 1 150°C a 
and the second temperature is between 600°C to 900°C 



l-WA/2141503. 1 



ATTORNEY DOCKET NO. 040808-5078-01 
Application No. 09/982,834 
Page 3 

Claims 2-4 (Cancelled). 

Claim 5 (Previously Presented): A manufacturing method according to claim 1, wherein 
a single crystal of calcium fluoride with a diameter of 0 200 mm or greater, which can be used 
in an optical system for photolithography, is obtained. 

Claim 6 (Previously Presented): A manufacturing method according to claim 5, wherein 
a single crystal of calcium fluoride with a difference in the refractive index, An, equal to 2 x 10" 6 
or less is obtained. 

Claim 7 (Previously Presented): A manufacturing method according to claim 5, wherein 
a single crystal of calcium fluoride with a double refraction value, in a direction of the axis of 
light, of 2 nm/cm, or less is obtained. 

Claim 8 (Previously Presented): A manufacturing method according to claim 5, wherein 
a single crystal of calcium fluoride with a double refraction value, in an off-axis direction 
perpendicular to the axis of light, of 5 nm/cm or less is obtained. 

Claim 9 (Currently Amended): A manufacturing method for a singl e crystal of calcium 
fluoride having its optical prop e rti e s improved according to claim 1, further comprising the 
steps of: 

providing a single crystal of calcium fluoride and a fluorination agent in a s e cond 
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an additional container arranged in a- said sealable first container, sealing said first scalable 
container, then 

heating said first sealable container with a heater arranged external to said first sealable 
container such that a temperature inside said s e cond additional container is raised to a -the first 
temperature, which is lower than a melting point of said single crystal of calcium fluoride, while 
said s e cond additional container is filled with a fluorine gas atmosphere, 

maintaining the temperature inside said s e cond additional container at the first 
temperature for a designated period of time, 

lowering the temperature inside said first sealable container and the temperature inside 
said s e cond additional container to room the second temperature, wh e rein th e st e p of low e ring 
th e t e mp e ratur e comprises: 

d e cr e asing th e t e mp e ratur e insid e said first contain e r and th e t e mperatur e insid e 

said s e cond container to a s e cond t e mp e ratur e , which is in the rang e of around 600 °C to 

°900 C, at a rate of 2 °C/hour or less, and then 

d e cr e asing the t e mperatur e inside said first contain e r and th e t e mp e ratur e inside 

said s e cond container to room t e mp e ratur e , and 

opening the inside of said first container to a normal atmosphere 

wh e r e in, 

the first temperature is b e tween 1020 °C and 1 150 °C . 



Claims 10-25 (Cancelled). 
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Claim 26 (Currently Amended): A manufacturing method for a singl e crystal of calcium 
fluoride, having its optical prop e rti e s improv e d comprising th e st e ps of: 

providing a singl e crystal of calcium fluorid e in a s e alabl e contain e r, s e aling said 
contain e r, then 

h e ating said contain e r with a h e ater arrang e d e xt e rnal to said contain e r such that a 
temp e ratur e insid e said container is rais e d to a first t e mperatur e , which is low e r than a m e lting 
point of said singl e crystal of calcium fluoride, 

maintaining th e t e mp e ratur e insid e said contain e r at th e first t e mp e ratur e for a d e signat e d 
p e riod of time, 

low e ring th e temperatur e insid e said contain e r to room t e mp e ratur e according to claim 
1 , wherein ? 

th e first t e mp e ratur e , which is b e tw ee n 1020 °C and 1 150 °C, is low e r e d to a s e cond 
t e mp e ratur e , which is in th e rang e of around 600 °C to 900 °C, at a rat e of said first rate is 1.2 
°C/hour or less. 

Claim 27 (Currently Amended): A manufacturing method according to claim-26 1, 
wherein the step of lowering the temperature comprises decreasing the temperature from said 
second temperature to a third temperature, which is in the range of around 400 °C to 600 °C, at a 
rat e of 3 said second rate, and decreasing the temperature from the third temperature at a 
third rate, which is 5 °C/hour or less. 

Claims 28-32 (Cancelled). 
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Claim 33 (Currently Amended): A manufacturing method for a singl e crystal of calcium 
fluoride having its optical prop e rti e s improv e d comprising th e st e ps of: according to claim 9 

providing a singl e crystal of calcium fluorid e and a fluorination agent in a s e cond 
container arrang e d in a s e alabl e first contain e r, s e aling said first contain e r, th e n 

h e ating said first container with a h e at e r arrang e d e xternal to said first contain e r such that 
a t e mperatur e inside said s e cond contain e r is raised to a first temp e rature, which is low e r than a 
m e lting point of said singl e crystal of calcium fluorid e , whil e said s e cond contain e r is fill e d with 
a fluorine gas atmosphere, 

maintaining th e t e mp e ratur e insid e said s e cond contain e r at said first t e mp e ratur e for a 
d e signat e d p e riod of tim e , 

low e ring th e t e mperatur e insid e s e cond contain e r to room t e mp e rature, 

op e ning th e insid e of said first container to a normal atmosph e re, 

wherein, 

the first temperature is between 1020 °C and 1 150 °C, and 

th e t e mperatur e is decr e as e d from said first t e mp e ratur e to a s e cond t e mp e rature, which 
is in the rang e of around 600 to 900 °C, at a rate of said first rate is 1.2 °C/hour or less. 

Claim 34 (Currently Amended): A manufacturing method according to claim 339, 
wherein the step of lowering the temperature comprises decreasing the temperature from said > 
second temperature to a third temperature, which is in the range of around 400 to 600 °C, at a 
rat e of 3 °C/hour or l e ss said second rate, and decreasing the temperature from the third 
temperature at a third rate, which is 5°C/hour or less . 
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Claim 35 (Cancelled). 

Claim 36 (Currently Amended): A manufacturing method according to claim 339, 
wherein a single crystal of calcium fluoride with a diameter of 0 230 mm or greater, which can 
be used for the optical system for photolithography, is obtained. 

Claim 37 (Currently Amended): A manufacturing method according to claim 369, 
wherein a single crystal of calcium fluoride with a difference in the refractive index, An, equal to 
2 x 10" 6 or less is obtained. 

Claim 38 (Currently Amended): A manufacturing method according to Claim 349, 
wherein a single crystal of calcium fluoride with a double refraction value, in a direction of the 
axis of light, of 2 nm/cm or less is obtained. 

Claim 39 (Currently Amended): A manufacturing method according to claim 369, 
wherein a single crystal of calcium fluoride with a double refraction value, in the off-axis 
direction perpendicular to the axis of light, of 5 nm/cm or less is obtained. 

Claims 40-42 (Cancelled). 
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